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http://dx.doi.org/10.1016/j.bjps.2013.0Summary A universal classification of the negative outcomes of carpal tunnel release surgery
does not, as yet, exist. In order to avoid the use of arbitrary factors we have applied the Ac-
cordion Severity Grading System, which uses rigorously defined qualitative terms to classify
complications. It also provides a uniform manner for grading the severity of complications,
enabling outcome comparisons between centres.
We analysed the negative outcomes of 500 device-assisted carpal tunnel releases performed
over a 2-year period in the author’s department. In order to establish a standardised list of
complications we used the terms employed within the guidelines of the American Academy
of Orthopaedic Surgeons. Most of these terms were subsequently defined using the data vari-
ables and definitions taken from the American College of Surgeons National Surgical Quality
Improvement Program or the Medical Subject Headings of the National Library of Medicine.
We also adopted the quantitative severity weighting, as proposed by the Accordion system,
in order to determine the postoperative morbidity index for our assisted carpal tunnel releases.
The most common complications were pain and reversible damage to peripheral nerves.
Other common negative events, other than complications, included hand weakness, which
we classified as a sequela of the procedure, and incomplete retinaculum release, which we
classified as failure to cure. The overall postoperative morbidity index for complications was
0.014.
Although the Accordion system was developed for more complex procedures, it may also be
adopted for carpal tunnel release surgery where it provides an objective and universal method
for the classification of complications.
ª 2013 The Authors. Published by Elsevier Ltd. Open access under CC BY-NC-ND license.2 795 165; fax: þ48 22 58 41 346.
t.pl, b@noszczyk.pl (B.H. Noszczyk).
d by Elsevier Ltd.
4.016
Open access under CC BY-NC-ND license.
1124 B.H. Noszczyk et al.The results of carpal tunnel release surgery can be evalu- Surgeons National Surgical Quality Improvement Pro-
ated in various ways including conduction and imaging
studies,1 standardised questionnaires, the examination of
motor function2 or simple clinical tests.3 However, an ac-
curate and universal method for the reporting of compli-
cations after carpal tunnel release does not, as yet, exist.
Moreover, choosing the criteria for classifying the compli-
cations is difficult. For example, some researchers use the
time elapsed from the operation to the onset of symptoms
as a criterion.4 Other researchers have attempted to
eliminate subjective complaints (e.g., pain) in order to
focus on iatrogenic (structural) injuries,5 which require
surgical exploration.6 Another frequently cited classifica-
tion for carpal tunnel release complications is based on
symptom aetiology, which was presented by Tung and
Mackinnon.7
In order to avoid the use of arbitrary factors, we have
applied the Accordion Severity Grading System, which uses
qualitative terms to classify complications.8,9 In order to
establish a standardised list of the complications of carpal
tunnel release we made use of the terms reported in the
guidelines of the American Academy of Orthopaedic Sur-
geons (AAOS).10 Most of the complications have been sub-
sequently defined using data from the American College ofTable 2 Grading of complications after carpal release, based o
Grades of
expanded
version
G1 G2 G
Grade criteria Physiotherapy, splint,
antipyretics, or minor
procedures
Steroids or
antibiotics
P
c
e
r
Complications Wound related, pillar pain, reversible nerve d
tendon/joint disorders, vessel injuries.
Table 1 Definitions of the types of postoperative negative
events.
Name Definitiona
Complication An event unrelated to the purpose(s)
of the procedure, and an unintended
result of the procedure which
occurs in temporal proximity to the
procedure, causes a deviation from
the ideal postoperative course,
induces a change in management,
and is morbid.
Sequelae of a
procedure
An after-effect of the procedure,
which risk is inherent in the
procedure.
Sequelae of a
complication
A complication, which results in a
lasting disability.
Failure to cure A failure to attain or maintain the
purpose(s) of the procedure.
a Definitions from: The Department of Surgery, Washington
University in St Louis. Available at: www.accordionclassification.
wustl.edu.gramme (ACS NSQIP)11 or the National Library of Medicine
Medical Subject Headings (MeSH Headings).12
The Accordion system is already a serious candidate for
becoming the uniform means for grading the severity of
complications.13 It has a universal applicability, enabling
outcome comparisons between centres.14 Although no in-
ternational hand society has accepted it to date, the Eu-
ropean Association of Urology has recently recommended it
for reporting and grading complications.15 The Accordion
system enables the objective classification of surgical
complications by their severity as defined by the treat-
ments they required. It also enables the quantification of
the severity of complications by assigning a validated
severity weight as developed by international surgical ex-
perts, in order to enhance NSQIP data.16,17 We believe that
this system provides a universal way to report complica-
tions and to evaluate morbidity after carpal tunnel release.Methods
After a retrospective chart review, we enrolled 469 patients
with carpal tunnel syndrome who were admitted with nerve
conduction studies. Patients with other nerve entrapments
were excluded. One hand was operated on during a single
procedure. Of the 500 hands, 228 underwent carpal tunnel
release with a technique similar to endoscopic release as
described by Ip et al. (group 1),18 188 with a modification of
the endoscopic technique described by Krishnan et al.
(group 2)19 and 84 using the minimal incision technique
(group 3).20 All of the operations were performed by two
experienced surgeons. The University Ethics Committee
gave its approval to this retrospective study, and a written
informed consent was obtained in all cases. The aim of
the study was to employ the Accordion classification for
outcomes of carpal tunnel reporting and to determine
the postoperative morbidity index for device-assisted
techniques.
The Accordion system categorises negative outcomes
into complications, sequelae and failures to cure (Table 1).
Complications are subsequently divided into grades ac-
cording to severity as defined by the required treatment,
using the appropriate criteria.9 These criteria can be
adopted in order to describe the treatment possibilities for
carpal tunnel complications (Table 2). The basic (con-
tracted) classification, which is sufficient for most carpal
tunnel studies, has three grades. However, in studies wheren the Accordion Severity Grading System.
3 G4 G5
rimary repair,
onversion from
ndoscopy,
eoperation
Single-organ
failure has
developed
Multisystem organ
failure (2 organ
systems) has
developed
amage, Major nerve
division.
Complex regional pain
syndrome type I.
Table 3 Types, symptoms, and definitions of negative events other than carpal tunnel release complications, based on the
Accordion system.
Negative event Failure to cure Sequelae of a procedure Sequelae of a complication
Symptoms Symptoms persistence or symptoms
recurrence
Hand weakness/
bowstringing
Progressive disability in the case
of CRPS
Definitions Symptoms persistence: Persistence
of preoperative symptoms after
carpal tunnel release, which
correlates with the incomplete
release of the transverse carpal
ligament, or with an error in the
initial diagnosis.
Symptoms recurrence: Recurrence
of preoperative syndromes which
had resolved after a symptom-
free interval following release.
Bowstringing: Palmar
displacement, and
increased flexor tendon
excursion during wrist
flexion, which results
in wrist flexion weakness.
CRPS type II (Causalgia): A complex
regional pain syndrome characterized
by a burning pain and a marked
sensitivity to touch (hyperaesthesia)
in the distribution of the injured
peripheral nerve.
Autonomic dysfunction in the form
of sudomotor (i.e., sympathetic
innervation to sweat glands),
vasomotor, and trophic skin changes
may also occur.
Table 4 Complications of carpal tunnel release, and their definitions.
Wound related complications
Wound disruption Separation of the layers of a surgical wound which may be partial or
complete, with disruption of the fascia within 30 days of the operation
Infection (superf./organ) Superficial incisional surgical site infection is an infection that occurs
within 30 days after the operation, involves only the skin or subcutaneous
tissue of the incision and at least one of the following: (1) Purulent drainage.
(2) Organisms isolated from an aseptically obtained culture of fluid or tissue
from the superficial incision. (3) At least one of the following signs or symptoms
of infection: pain or tenderness, localized swelling, redness, or heat AND the
superficial incision is deliberately opened by the surgeon, unless the incision
is culture-negative. (4) Diagnosis of the superficial incisional site infection by
the surgeon or attending physician.a
Haematoma A collection of blood outside the blood vessels. Haematoma can be localized
in an organ, space, or tissue.
Pillar pain (radial/ulnar/scar) Persistent postoperative deep-seated ache, in the thenar or hypothenar
eminence, with scar tenderness, swelling and redness, of a neurogenic and
inflammatory origin, also related to the migration of the transverse carpal
ligament towards its osseous origins, and the disrupted alignment of the
pisotriquetral joint.
Reversible nerve damage
Nerve branch (digital,
palmar, motor)
Peripheral nerve damage may result from damage to the nerve fibres, cell body,
or myelin sheath during surgery. Peripheral nerve injuries which result in motor
deficits to the cervical plexus, brachial plexus, ulnar plexus, lumbar-sacral plexus
(sciatic nerve), peroneal nerve, and/or the femoral nerve should be included.
Major nerve
Major nerve division (failure) Permanent structural injury to the major nerve.
Tendon/joint disorders
Adhesions/stiffness Tissue adhesions: Pathological processes consisting of the union of the opposing
surfaces of a wound.
Tendon rupture/laceration Lacerations: Torn, ragged, mangled wounds.
Vascular injuries Vascular system injuries: Injuries to blood vessels caused by laceration,
contusion, puncture, or crushing and other types of injuries. Symptoms vary
by site and mode of injury and may include bleeding, bruising, swelling, pain,
or numbness. It does not include injuries secondary to pathologic function or
diseases such as atherosclerosis.
Complex regional pain
syndrome (CRPS) type I
CRPS type I (reflex sympathetic dystrophy): A syndrome characterized by a
severe burning pain in an extremity accompanied by sudomotor, vasomotor,
and trophic changes in the bone without an associated specific nerve injury.
This condition is most often precipitated by trauma to the soft tissue or
nerve complexes. The skin over the affected region is usually erythematous
and demonstrates hypersensitivity to tactile stimuli and erythema.
a For deep infection definitions refer to the ACS NSQIP data.
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Table 5 Device-assisted carpal tunnel release
complications.
Group 1 Group 2 Group 3 All
patients
Number of hands 228 188 84 500
Complications n n n n %
Grade 1
Pillar pain 19 14 9 42 8.4%
CDN reversible
damage
3 1 3 7 1.4%
Palmar branch
reversible
damage
2 1 1 4 0.8%
Stiffness 1 1 0 2 0.4%
Grade 2
Stiffness and
antibiotic use
1 0 0 1 0.2%
Grade 3
Palmar branch
laceration
2 0 0 2 0.4%
Total number of
complications
28 17 13 58 11.6%
Postoperative
morbidity index
0.014
Note: Some complications may appear under several grades
(e.g., palmar branch reversible damage and palmar branch
laceration) (CDN e common digital nerve).
1126 B.H. Noszczyk et al.quantification is required, or when severe complications
may be expected, an expansion of the Accordion system is
possible.8 In rare cases after carpal tunnel release, when
such complications have to be reported, up to two further
grades may be added (Table 2). Postoperative deaths were
not discussed in our study.
With reference to the definitions of postoperative
negative events in the Accordion system, we proposed
specific criteria to classify the failures to cure and the
sequelae of carpal tunnel release (Table 3). We also
selected a list of complications of carpal tunnel release
using the literature and terms used by the Clinical Practice
Guideline Evidence Report of the AAOS.10 To define the
complications we used the data variables and definitions of
the ACS NSQIP11 and the MeSH Headings.12 The definitions
for the number of the complications specific to carpal
tunnel release that were not provided for by the ACS NSQIPTable 6a Total unweighted results of complications after carpa
Severity grade
1 2 3
Pain 42
CDN reversible damage 7
Palmar branch damage 4 2
Stiffness 2 1
Subtotal by grade 55 1 2
Adapted from Strasberg SM, Hall BL. Postoperative morbidity i
complications. J Am Coll Surg. 2011;213:616e26.or the MeSH Headings were proposed after literature review
with special reference to severity using the Accordion sys-
tem (Table 4). Therefore, major nerve division and complex
regional pain syndrome were defined, in addition to
reversible nerve damage, by the terms provided by the
AAOS and the ACS NSQIP (Table 4). With reference to their
severity, we proposed reporting them as grades 4 and 5,
respectively (Table 2).
We also adopted the unweighted and weighted severity
scores for our carpal tunnel complications. Severity
weighting, for which Strasberg et al. provided a detailed
and comprehensive explanation,17 has allowed for the
calculation of a postoperative morbidity index e an
aggregate measure of the severity of complications for the
procedure.17
Although applicable mainly in prospective studies, a
time horizon of 6 weeks for the inclusion of new cases was
also proposed. This limitation enables the comparison of
studies from different centres.8 Negative events such as
sequelae and failures to cure that appeared after 6 weeks
were listed separately from complications. These events
could not be graded, as they were considered to be nega-
tive outcomes of surgery rather than complications. We
proposed reporting these events only after all the decisions
concerning their treatment were made, which in the case
of carpal tunnel release can take more than 6 months.
Results
We defined the complications of carpal tunnel release
(Table 4) and presented them according to the type and
severity grade for each treatment group (Table 5). In
addition, these results were shown as the unweighted and
weighted burden of morbidity (Tables 6a and 6b) for all the
patients, as described by Strasberg et al.17 The most com-
mon complication after carpal tunnel release was pillar
pain (n Z 42, 8.4% of all 500 cases and 72.4% of all 58
complications). Although palmar branch damage accounted
for only 10.3% (n Z 6 out of 58 cases, Table 6a) of all
complications, it accounted for 16.7% (Table 6b) of the
weighted burden of morbidity. This means that although
the frequency of palmar nerve injury within the complica-
tions of carpal tunnel release was only 10.3%, its severity
was 16.7%. Such an increase after weighting illustrates risk
and helps to discuss complications with patients.17
The total weighted burden of morbidity for all of the
patients was 7.05 (Table 6b). When divided by the totall tunnel release among all patients.
Complication burden
4 5 Subtotal %
42 72.4%
7 12.1%
6 10.3%
3 5.2%
58 100.0%
ndex: a quantitative measure of the severity of postoperative
Table 6b Total weighted results of complications after carpal tunnel release among all patients.
Severity grade Weighted burden
of morbidity
1 2 3 4 5 Subtotal %
Severity weight 0.11 0.26 0.37 0.60 0.79
Pain 4.62 4.62 65.6%
CDN reversible damage 0.77 0.77 10.9%
Palmar branch damage 0.44 0.74 1.18 16.7%
Stiffness 0.22 0.26 0.48 6.8%
Subtotal by grade 6.05 0.26 0.74 7.05 100.0%
Total unweighted results of complications in each grade (Table 6a) were multiplied by the weight depicted in the second row.
Adapted from Strasberg SM, Hall BL. Postoperative morbidity index: a quantitative measure of the severity of postoperative
complications. J Am Coll Surg. 2011;213:616e26.
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the burden of morbidity per case was obtained. This value,
as described by Strasberg et al., is called the postoperative
morbidity index e PMI.17 The PMI was 0.014 for all our
groups combined (Table 5).
We also defined negative events other than carpal tun-
nel release complications (Table 3). Most of the negative
outcomes were sequelae and failures to cure (Table 7),
which were observed more often (15.4%) than complica-
tions (11.6%, Table 5). We found, however, that 65 (13%) of
all operations resulted in subjective weakness, which we
considered to be the sequela of the procedure. Failures to
cure, which sometimes constitute a serious problem after
carpal tunnel release, occurred only after 12 (2.4%) oper-
ations (Figure 1).Discussion
The Accordion Severity Grading System is an acknowledged
method for postoperative outcome classification in general
surgery.8 We believe that it should also be adequate for the
objective classification of carpal tunnel release complica-
tions. As this system is quantitative, it enables the evalu-
ation of a postoperative morbidity index. We found that
this burden for carpal tunnel release was 0.014 in our studyTable 7 Sequelae and failures to cure after device-assisted car
Group 1
Number of hands 228
n
Sequelae of the procedure
Weakness 22
Total sequelae of the procedure 22
Failure to cure
Symptom persistence
Incomplete nerve release 6
Symptom recurrence
Nerve entrapment in scar 1
Total failures to cure 7
Total number of sequelae and failures 29population. Strasberg et al. also employed the Accordion
system for less complex surgery and reported a post-
operative morbidity index of 0.016 for laparoscopic ap-
pendectomy and 0.005 for inguinal hernia; however, the
group evaluated the complications as defined by the
NSQIP.17 The data definitions of the NSQIP do not cover
many complications21 and include only a small number for
carpal tunnel release. Therefore, we used both the NSQIP
data and the MeSH Headings (Table 4) in order to define the
complications reported by the AAOS. In a few cases, such as
those concerning pillar pain, it was necessary to use defi-
nitions provided by the literature. We are of the opinion
that a uniform list of definitions is a prerequisite for
outcome classification and grading. The importance of
defining postoperative complications has been acknowl-
edged in recent literature.14Pillar pain
Pain may accompany all negative events after carpal tunnel
release such as inflammation, healing complications, nerve
injury, tenosynovitis and complex regional pain syn-
drome.22 Tung and Mackinnon proposed that pain should be
reported in only three situations: carpal arch alterations,
pisotriquetral syndrome and pillar pain.7 A recent paper bypal tunnel release.
Group 2 Group 3 All patients
188 84 500
n n n (%)
25 18 65 13.0%
25 18 65 13.0%
2 2 10 2.0%
1 0 2 0.4%
3 2 12 2.4%
28 20 77 15.4%
Figure 1 Weakness, considered to be sequela of procedure,
occurred in 65 (13%) patients. Failures to cure (symptom
persistence and recurrence) occurred in only 12 (2.4%)
operations.
1128 B.H. Noszczyk et al.Atroshi et al. introduced a scale of palmar pain for studies
of postoperative pain and discussed pain only in the scar
and proximal palm.22 We propose that only pillar pain
should be reported as it appears to be linked to both: the
neurogenic and inflammatory response23 and the migration
of the transected carpal ligament towards its osseous ori-
gins (Table 4).24 We propose diagnosing and grading pain
only when it cannot be attributed to nerve or tendon dis-
orders and also when it is the most severe complaint.
Infection
Strasberg et al. recently mentioned four different types of
infection.17 However, Harness et al. proposed that the
distinction that is clinically relevant for carpal tunnel release
is between superficial incisional infections and deeper in-
fections involving the carpal canal (organ/space).25 We also
propose using this distinction. The definition of infections
was provided by the NSQIP data (Table 4).
Reversible nerve damage
Reversible nerve damage results in symptoms that may
require observation or confirmation for a definitive diag-
nosis. The symptoms of complications that are difficult to
confirm, such as blunt trauma to the common digital nerve,
are reported as grade 1 or 2. Various symptoms such as
numbness over the thenar eminence,26 altered sensation on
the hypothenar27 or motor disorders28 may result from
nerve deficits. If neurapraxia is suspected it may be treated
with therapy and reported as a grade 1 complication.
However, if steroids are used29 neurapraxia should be re-
ported as a grade 2 complication.
Nerve laceration and major nerve division
If the peripheral nerve has been lacerated and then
repaired, a grade 3 complication should be reported.
However, a median nerve laceration will likely produce
transient nerve failure if repaired or form a neuroma in
continuity if not.30 We believe that cases of permanent
structural major nerve injuries should be reported as a
grade 4 complication, as the median and ulnar nerves areorgans of the peripheral nervous system and their failures
require major interventions.31 For peripheral nerve damage
we used the NSQIP definition; however major nerve failure
was defined after Benson et al. (Table 4).5 We also propose
that in cases of a diagnosis of reflex sympathetic dystrophy,
a grade 5 complication should be reported, as this compli-
cation, as defined by the MeSH Headings, fulfils the condi-
tion of a multisystem organ failure (Table 4).32
Trigger finger
Trigger finger is usually linked to tenosynovitis.33 Although a
high incidence of new-onset trigger finger after carpal
tunnel release has been reported,34 in our study, preoper-
ative symptoms were reported in every case of trigger
finger. Because stenosing tenosynovitis and trigger finger
appear to be co-morbidities of carpal tunnel syndrome they
were not included in the list of complications. However, if
A1 pulley release is to be considered a complication and
used to treat trigger finger, it should be reported as a grade
3 complication indicating a severity similar to that of
motor/palmar branch laceration.
Stiffness
Tung and Mackinnon included flexor tendon adhesions in
their list of complications.7 Organised adhesions between
tendons and their sheaths or joint capsules develop when
fibrin is deposited during the proliferative phase of healing.
These contribute to stiffness35 and may be responsible for a
significant percentage of poor results.36 Nuckols et al.
suggested that hand stiffness should be monitored after
carpal tunnel release.37 We also propose that hand stiff-
ness, which is an early syndrome of adhesions, be included
in the list of complications. The definition of adhesions is
taken from the MeSH Headings (Table 4).
Tendon laceration
Tendon lacerations are infrequent after carpal tunnel
release. We defined tendon laceration after the MeSH
Headings (Table 4) and considered that the majority of
partial lacerations can be left unrepaired.38 Unrepaired
lacerations should be reported as a grade 1 complication.
Recently, however, Kondratko et al. suggested that lacer-
ations of sizes >50% should be strongly considered for sur-
gical repair.39
Vessel lacerations
Palmer et al. speculated that many vessel injuries are left
unreported because they cause only ecchymosis.6 Ecchy-
mosis may be related to superficial haematomas, which
were also reported by Tung and Mackinnon.7 Neuhaus et al.
recently listed haematoma and skin necrosis in his paper.40
However, haematomas after carpal tunnel releases are
rarely described. This is perhaps related to the fact that
major vessel injuries are usually ligated.6 Moreover after
endoscopic release, more cases of arch and arterial aneu-
rysms have been reported than vessel lacerations.41 We
The Accordion System for carpal tunnel complications 1129have used the MeSH Headings (Table 4) definition of hae-
matoma here but propose listing only organ or space hae-
matomas, while excluding superficial ecchymosis. We also
propose reporting wound disruption, as defined by the
NSQIP (Table 4), as a result of skin necrosis or haematoma.Failures to cure and sequelae
Although the reference standard for the diagnosis of
recurrent and persistent symptoms has not been precisely
defined, both usually result from a failure to cure. We use
these symptoms definitions after Amadio (Table 3).42
Symptom recurrence43 and symptom persistence44 may
create a challenging treatment problem.31,40 Causalgia
(complex regional pain syndrome type II) is similarly diffi-
cult to treat.32 Because causalgia usually results from an
injured peripheral nerve we have defined it as a sequela of
complication using the MeSH Headings (Table 3).
We also propose that the subjective impression of
weakness be reported as a sequela of procedure rather
than as a complication. Weakness may be secondary to
motor branch trauma45 but in many cases reflects pain in-
hibition.2 Brooks et al. concluded that wrist flexion weak-
ness is a consequence of bowstringing, which is a
biomechanical alteration caused by the release.24 We have
also used this definition (Table 3).Limitations
There are, however, drawbacks to using the Accordion
Severity Grading System for evaluating carpal tunnel
release. Although Palmer et al. showed that carpal tunnel
surgery results in a substantial number of major complica-
tions,6 in our study most were classified as grade 1 (Table
5). In this sense carpal tunnel release may be considered
to be too minor a surgery, with very few complications that
are grade 2 or above.Conclusion
In this report we have described the use of the Accordion
Severity Grading System, which provides an objective
method for reporting complications after carpal tunnel
release. Although this system was originally developed for
more complex procedures, it can also serve to compare the
results of diverse carpal tunnel studies. In addition, it en-
ables the quantification of an index that is universal for
various surgical specialities. With the proper definitions of
complications the Accordion system can be employed as a
means for reporting complications in hand surgery as a
whole.Funding
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